I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Inguinal hernia (IH) is the most common surgical condition of childhood, affecting 1%--2% of mature infants and up to 30% of premature infants.\[[@ref1]\]

One of the major complications of IH is incarcerated hernia. The risk of incarceration in children with IH ranges from 3% to 16%, with the highest incidence estimated to be 30% in premature children.\[[@ref2]\]

In this study, we reviewed 922 children to assess clinical features of IH in the pediatric population and to evaluate associated risk factors of incarcerated hernia, its recurrence as well as the occurrence of contralateral metachronous hernia.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

We conducted an analytic retrospective study of children\'s medical charts with IH managed in the Pediatric Surgery Department from 2010 to 2013.

Data were gathered through a standardized form including age at surgery, hernia side, circumstances of surgery (incarcerated or not incarcerated), postoperative complications, and the occurrence of metachronous hernia. Patients presenting with crural hernia or undescended testis with a surgical repair of a persistent peritoneal-vaginal duct were excluded from the study. Children were managed by herniotomy with direct inguinal approach according to Forgue technique. The so-called Barker artifice was performed in all female infants to repair the round ligament. Statistical analysis was performed using Excel Microsoft office 2013 (codenamed office 15) license trialware, and variables were compared with Chi-squared test.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Descriptive data {#sec2-1}
----------------

Demographic data of the studied population are detailed in [Table 1](#T1){ref-type="table"}.

###### 

Demographic data of all patients
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Epidemiologic data {#sec2-2}
------------------

The median age in our study group was 2 years (range 10 days to 12 years). Males are predominantly affected (84%, *n* = 779). The rate of IH was more important in the youngest group (age \< 2 years); thus, we accounted 43.7% (*n* = 403) infants. The cumulative incidence of hernia in the 2--6-year age group was 34.7% (*n* = 320).

Clinical data {#sec2-3}
-------------

Sixteen percent (*n* = 125) of these patients presented with an incarceration mainly on the right side (66.8%, *n* = 616). We identified that the overall rate of incarcerated hernia occurrence in premature group was evaluated at 27%. This rate was high, especially in neonates and infants. Prematurity and hypotrophy were documented, respectively, in 8% and 6%.

Surgical management {#sec2-4}
-------------------

Uncomplicated IH was managed with an elective surgical repair. Once diagnosed, timing of herniotomy for asymptomatic hernia ranged from 1 to 5 weeks in our group study.

Regarding infants presenting with incarcerated hernia, a manual attempt of hernia reduction, according to "Taxis technique," was successfully done in most cases.

Otherwise, after an intrarectal administration of a muscle relaxant drug such as "midazolam" at the dose of 0.3 mg/kg, a gentle precision led subsequently in most cases to hernia reduction.

However, we documented two infants who were presenting initially as an emergency (irreducible hernia), those cases had undertaken an emergency operation. Thus there was an intestinal ischemia, but intestinal resection was not necessary. Patients achieved postoperatively full recovery.

Herniotomy, for incarcerated hernia that could be reduced according to "Taxis," was performed within 72 h.

All hernia repairs were carried out under general anesthesia. The surgeon was a specialist senior in 543 cases (58.9%) versus a resident in 373 cases (40.5%). The mean operation timing was 21 min (range: 11--140 min).

On surgical exploration, there were particularities in young females; In fact, generally, the hernia sac is freed, and once the surgeon is certain that the sac does not contain any ovarian or intestinal content, it is closed. In our study group, we found an ovarian content in 6%, intestinal content (appendix or intestinal loop) in 2%, bladder corn in 1%, and fallopian tube in 1%. All patients received postoperative pain relief as well as postoperative surgical wound care. The mean follow-up period was 4 years.

Postoperative complication analysis {#sec2-5}
-----------------------------------

Postoperative complications were identified. Thus, we reported a postoperative peritonitis, due to bowel perforation, in one child who subsequently required an intestinal resection-anastomosis. The patient recovered well. An abdominal distension with a good spontaneous recovery was also documented in one case.

Postoperative evaluation {#sec2-6}
------------------------

We report four cases of recurrence, for unilateral herniotomy within 12 months postoperatively. Recurrence on the opposite side occurred in 33 patients (3.6%). Most of them were female infants who were initially operated on the left side with 7.7% versus 2.8% (in males).

Analytic study {#sec2-7}
--------------

The statistical study is detailed in [Table 2](#T2){ref-type="table"}. In fact, risk factors of incarceration identified in this study are essentially: Prematurity, male gender as well as age \<2 years. Hernia recurrence is not related to patient age, recurrence on the operated side is much more observed in males, and we noted a significant statistical relation between recurrence and trainee surgeons (*P* = 0.015). Thus, cases of recurrence were noted essentially when the surgeon is a resident. However, risk of hernia recurrence on the opposite side is significantly high in females and was not age specific. We found that the statistical relation between prematurity and postoperative complications was not significant with *P* = 0.067.

###### 

Statistical relations between variables studied
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

From this study, the cumulative incidence of IH was 11%, and this rate is higher than that quoted in the literature with an incidence of approximately 0.8%--4.4%.\[[@ref3][@ref4]\]

The male-to-female ratio of 5/1 noted in this article agrees with that reported in the literature (3/1--10/1) as does the higher incidence of right-sided occurrence.\[[@ref3]\]

The median age in our study group was 2 years (range 10 days to 12 years). Most of the hernias in this series occurred in the younger patients; thus, the incidence of IH was more important in the youngest group (age \<2 years), i.e., 43.7% and decreases as children age.

Otherwise, in pediatrics survey and according to Nataraja and Mahomed\[[@ref5]\] and Ron *et al*.,\[[@ref6]\] the hernia occurrence in children is closely related to age and the risk is particularly increased in children under 2 years of age.

Published data documented that levels of prematurity and dysmaturity were included among potential risk factors of IH.\[[@ref7][@ref8]\] In fact, prematurity in our study was evaluated at 8%. The evidence for the optimal management of IH in premature infants was not well established in our department. In these fragile newborns, we believed that surgical repair might expose them to high risk of perioperative and postoperative complications. Therefore, in our procedure, we were reluctant toward avoidable emergency operations to minimize potential surgical and anesthetic complications. That made us adopt elective surgical repair.

Reported survey data described the eventual minor risk of IH development in females as compared to males with an incidence of 1.9%.\[[@ref8]\] In the current study, we reported an incidence of 16% versus 84% in males.

Once IH diagnosis in a female is made, repair should be carried out promptly because incarceration occurs in the 1^st^ year of life. Reduction of an incarcerated ovary is not as urgent as a reduction of incarcerated intestinal loop, but still, it should be done at the earliest.\[[@ref8]\] Bilateral exploration in all female patients has been recommended by some authors. However, routine contralateral exploration is felt unjustified since only 10% of children with unilateral repair subsequently developed a contralateral hernia.\[[@ref9]\] In this series, any contralateral herniotomy was systematically done.

Incarceration occurred in 12% at a mean age of 1.5 years, mostly in boys and mostly on the right side.\[[@ref3]\] The occurrence of complicated IH has been documented in about 30% of cases in the age group under 2 months.\[[@ref10]\]

Stylianos *et al*.\[[@ref11]\] aimed to assess the incidence of incarcerated IH in their series and they concluded that 85% of incarceration occurred before the 1^st^ birthday.

Nonetheless, our analysis demonstrated that complication occurred in 125 patients (16%), about one-third of strangulation were noted in children under 1 year old, 27% were premature. We also reported that the risk of incarceration decreased with age.

For this group of patients, we attempted a manual reduction; it led generally to the hernia reduction. Herniotomy was then carried out within 72 h.

As described in the literature, for children who presented with incarcerated hernia, early surgical intervention is indicated due to high re-incarceration rates.\[[@ref2]\]

Reports exist with regard to the association between prematurity and incarcerated IH. Our results found a significantly higher rate of incarcerated hernia in premature children (with significative *P* value).

These findings were compatible with early reports which revealed that incarceration was mostly encountered in preterm infants with a relatively high rate of 30%.\[[@ref2]\]

In fact, Erdogan *et al*.\[[@ref12]\] found that the incidence rate of hernia strangulation in premature children was 9.6% versus 5.9% in full-term children.

According to Canadian Paediatric Surgeons Guideline,\[[@ref13]\] there were recommendations for optimal timing of surgical hernia repair. It was demonstrated that surgical management should be performed 1 week after the diagnosis. Otherwise, several studies reported that the risk of incarceration doubles after a prolonged delay.\[[@ref14]\]

Decision concerning the suitable timing of IH repair in fragile pediatric population should be particularly well considered. In fact, surgeons have to balance surgical complications associated with earlier management with the potential for hernia incarceration if repair is delayed. Thus, the risk of hernia incarceration in patients admitted for delayed repair has been demonstrated to be between 0% and 41%, while the need for postoperative respiratory support following early repair has been reported to be as high as 38%.\[[@ref8][@ref14]\]

In addition to that, current guidelines from the Committee on Fetus and Newborn and the Section on Surgery of the American Academy of Pediatrics concluded that a prompt management of IH in such vulnerable population should be considered against the risk of postoperative complications.\[[@ref15]\] In our study, age was not significantly related to postoperative complications.

The trend to a higher incidence of metachronous contralateral inguinal hernia (MCIH) in female patients in our review (7.7% vs. 2.8%) is in accordance with Ron *et al*.\[[@ref6]\] as well as with Nataraja and Mahomed\[[@ref5]\] Steven *et al*.\[[@ref16]\] found a moderate rate of metachronous hernia (14%).

Kalantari *et al*.\'s study\[[@ref17]\] shows similar results with 10% of metachronous contralateral hernia.

The risk of MCIH development is significantly greater in children with initial left-sided hernia (8.5% vs. 3.3%). Further risk factors may well include female gender (8.2 vs. 4.1%) and young age (\<1 year) (6.9% vs. 4.5%).\[[@ref18]\]

Although our series showed that a girl with an hernia on the left side had 7% chance of developing an opposite-side hernia on her right side (which was not age related), the fact that 7.7% of girls ever developed an opposite side hernia lead us to conclude that routine contralateral exploration is not indicated. Much controversy about controlateral exploration continues to exist from many authors.\[[@ref3]\]

The recurrence rate in our series was 0.4%, and it occurred within 12 months postoperatively. It was documented, especially in cases that were managed by a resident and not a senior surgeon.

Our recurrence rate falls between other reports in the literature of 0% and 3.8%.\[[@ref3]\] We believe that recurrences occurred because of the dissolvable suture used for the high ligation of the sac which dissolved early or because of the sac being completely missed, incompletely repaired, or not being ligated high enough.

Recently, some authors adopted a laparoscopic approach as an alternative to the open procedure. Laparoscopic repair provides an excellent visual exposure. It is able to allow better evaluation of the contralateral side as well as minimal dissection to avoid vas deferens and spermatic vessels, bladder injuries, and iatrogenic ascent of the testis. In addition, the well-known excellent cosmetic results of this approach encourage authors to apply this technique widely in pediatrics.\[[@ref19]\]

Furthermore, transinguinal laparoscopic exploration can be used for identification of contralateral IHs in pediatric patients; this method proved to be safe and efficient that some surgeons recommend to use it routinely.\[[@ref20]\]

The present work has several strengths. First, the nationwide database comprises a relatively huge population; there are also several limitations. Our data only included participants who were covered in our hospital; nonetheless, we believe that the data are reliable because the coverage rate of our hospital is almost 60% of the population. However, the exact number of undiagnosed and untreated patients is unknown.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

IH occurs mostly in boys \<2 years old. Prematurity and hypotrophy are described as risk factors of IH. Premature boys should be promptly managed because of the high risk of incarceration. Metachronous IH occurs essentially in females; thus, laparoscopic approach can be helpful to detect contralateral hernia with better cosmetic results. We recommend also that the resident should be assisted by a senior to avoid postoperative complications such as hernia recurrence.
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